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A METHOD FOR PRODUCING TITANIUM OXIDE 

Technical Field of the Invention 

The present invention relates to a method for 
5 producing a titanium oxide. More specifically, the present 
invention relates to a method for producing a titanium oxide 
that shows photocatalytic activity and that has a narrow 
distribution of particle diameter. 

10 Background of the Invention 

The photocatalytic properties of titanium oxide have 
been examined to remove the odor in the atmosphere or to 
provide self -cleaning properties to windows or walls along 
the side of a road (for example, Japanese Patent Application 

15 Laid-Open No. Hei 9-57912). Typically, the titanium oxide 
and a solvent are mixed together and are spread to form a 
film thereof onto car components or building components, 
such as the road walls or the windows. In addition to the 
photocatalytic properties, a titanium oxide which also has 

20 uniform particle diameter is desired in order to provide the 
building or car components with an excellent film thereof. 

Summary of the Invention 

One of objects of the present invention is to provide 
25 a method for producing a titanium oxide which has a 
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sufficient photocatalytic activity and has a narrow 
distribution of particle diameter. The present inventors 
have studied on titanium oxide and have achieved such an 
object and other objects. 
5 Thus, the present invention provides a method for 

producing a titanium oxide, the method comprising the steps 
of: 

(i) inertly heating to a temperature of at least 
about 60 *C , a composition comprising a titanium compound 

10 and a solvent; 

(ii) reacting the titanium compound with a base at a 
temperature of at least about 60 *C ; and 

(iii) calcining the reaction product. 

The present invention also provides a method for 
15 producing a titanium hydroxide, comprising the above- 
mentioned inertly heating of the titanium compound 
composition and the subsequent reaction thereof. 

Detailed Description of the Invention 
20 The present invention provides a method for producing 

a titanium oxide from a titanium compound as a raw material. 
The titanium compound can produce a titanium hydroxide when 
reacted with a base in the presence of water. For example, 
the titanium compound can be an inorganic titanium compound 



or organic titanium compound. Examples of the inorganic 
titanium compound include titanium sulfate (Ti(S0 4 ) 2 , mH 2 0 # 0 
^ m ^ 20), titanium oxysulfate (TiOS0 4 • nH 2 0, 0 ^ n ^ 20), 
titanium trichloride (TiCl 3 ), titanium tertachloride (TiCl 4 ), 
5 titanium oxychloride (TiOCl 2 ) , titanium tetrabromide (TiBr 4 ) 
and the like. Examples of the organic titanium compound 
include titanium tetraalkoxide compounds such as titanium 
tetramethoxide , titanium tetraethoxide , titanium tetra-n- 
propoxide, titanium tetra-isopropoxide , titanium tetra-n- 

10 butoxide, titanium tetra-isobutoxide, titanium tetra-sec- 
butoxide, titanium tetra-t -butoxide, titanium tetrakis-2- 
ethylhexyloxide and titanium tetra-stearyloxide; titanium 
chelate compounds such as titanium 

diisopropoxybis(acetylacetonate) , titanium 

15 diisopropoxybis(triethanolaminato) , titanium di-n- 

butoxybis(triethanolaminato) , titanium di(2- 

ethylhexyloxy ) bis ( 2 -ethyl -1,3 -hexanediolate ) , titanium 
isopropoxy(2-ethylhexanediolate) , titanium 
tetraacetylacetonate and titanium hydroxybis(lactato) ; and 

20 the like. Among them, titanium oxyslfate is preferred. 

The titanium compound is typically used in a 
composition comprising the titanium compound and a solvent . 
In order to prepare the titanium compound composition, the 
titanium compound is typically mixed with a solvent. The 
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titanium compound composition can be in the form of a 
solution in which the titanium compound is dissolved in the 
solvent. Examples of the solvent include aqueous solvents 
such as water and aqueous hydrogen peroxide; alcohol 
5 solvents such as methyl alcohol, ethyl alcohol, isopropyl 
alcohol, butyl alcohol; ketone solvents such as acetone; and 
the like. An inorganic titanium compound such as titanium 
oxysulfate is preferably dissolved in an aqueous solvent, to 
prepare the titanium compound composition. An organic 
10 titanium compound such as titanium tetraisopropoxide is 
preferably dissolved in an alcohol solvent or a ketone 
solvent . 

The molar amount of the solvent to be used may be at 
least about 1 time of the molar amount of the titanium 

15 compound. Preferably, the molar amount of the solvent is at 
least about 5 times of the molar amount of the titanium 
compound. A larger amount of the solvent is preferred, but 
too large amount of solvent tends to result in a titanium 
oxide having a wider particle diameter distribution. It is 

20 preferred that the molar amount of the solvent is at most 
about 40 times, more preferably at most about 25 times, of 
the molar amount of the titanium compound. 

Typically, the titanium compound composition is 
inertly heated to a reaction temperature of at least about 
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60 t; , preferably at least about 80 °C , and more preferably 
at least about 85 *C . 

In the present invention, "inertly heating a 
composition" manes that the composition is heated with 
5 suppressing the decomposition of the titanium compound in 
the composition. In inertly heating the titanium compound 
composition, the heating may be conducted at a temperature - 
rising rate of at least about 5 /minute, preferably at 
least about 10 *C /minute, and more preferably at least about 
10 15 °C /minute. 

In inertly heating the titanium compound composition, 
the titanium compound composition may be heated so that at 
most about 5 % by weight of the titanium compound therein 
decomposes into a titanium hydroxide before reaching said 

15 reaction temperature. Under more stringently inert 

conditions, which is preferred, the titanium compound 
composition may be heated so that at most about 1 % by 
weight of the titanium compound therein decomposes into the 
titanium hydroxide before reaching said reaction temperature, 

20 When the titanium compound in the titanium compound 

composition decomposes into a titanium hydroxide, the 
composition tends to become clouded with a while color due 
to the production of insoluble white titanium hydroxide . 
Given that a titanium hydroxide generally is insoluble and 
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white, the degree of the decomposition can be measured by 
the degree of the white turbidity of the composition. 

Alternatively, the degree of the decomposition of the 
titanium compound in the composition can be calculated by 
5 dividing the actual weight of the titanium hydroxide that 
has been produced from the decomposition of the titanium 
compound, by the theoretically calculated weight of the 
titanium hydroxide in the same molar amount of the titanium 
compound utilized to prepare the titanium compound 
10 composition, as expressed below in equation (1): 

_ Actual weight of the titanium hydroxide 

Decomposition 

degree = x 100 

(%by weight) Theoretical weight of the titanium hydroxide 
produced from the utilized titanium compound 

(1) 

The calculation may entail sampling the titanium 
15 compound composition closely before or at reaching said 
reaction temperature. The sample can be utilized to 
determine the actual weight of the decomposing titanium 
compound in the titanium compound composition as follows: 

The sample of the titanium compound composition is 
20 dispersed into a solvent (such as water) in which the 
titanium compound therein can be dissolved. The mixture of 
the sample with the solvent was filtrated to obtain a solid 
therein, followed by being dried at about 100 °C . The 
resulting dried solid is regarded to be composed of the 
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actually produced titanium hydroxide and the solvent, since 
the titanium compound in the sample has dissolved to be 
isolated into a filtrate. After the weights of the dried 
solid and the solvent contained in the solid are obtained, 
5 respectively, the weight of the titanium hydroxide in the 
solid can be determined by subtracting the solvent weight 
from the dried solid weight . It is noted that the solvent 
weight can be obtained from the concentration thereof in the 
dried solid, the concentration being measured in known 
10 manners. For example, when the solvent is water, the 
concentration of water in the dried solid can be measured 
with thermogravimetry and differential thermal analysis (TG- 
DTA) . 

The titanium compound composition can be inertly 
15 heated to the reaction temperature with a dual layered pipe 
having inner and outer pipes. The titanium compound 
composition can be supplied into the inner pipe, while a 
heating medium can be supplied into the outer pipe. 
Alternatively, the titanium compound composition can be 
20 inertly heated with a container that is equipped with a 
stirrer. Into the container, the titanium compound 

composition can be supplied while being stirred and heated 
with a heating medium. 

In the present invention, the titanium compound in 
25 such a heated titanium compound composition may react with a 
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base in the present of water. Examples of the base include 
a hydroxide of alkali metal, a hydroxide of alkaline earth 
metal, an ammonia and an amine. 

Examples of the hydroxide of alkali metal include a 
5 sodium hydroxide, a potassium hydroxide and a lithium 
hydroxide. Examples of the hydroxide of alkaline earth 

include a calcium hydroxide. Examples of the amine include 
a hydroxylamine . The above-described base may be utilized 
alone , or in combination of two or more kinds of them . 
10 Among the above-described base, ammonia is preferably 
utilized. 

The reaction of the titanium compound with, the base 
may be conducted at a temperature of at least about 60 *C , 
preferably at a temperature of at least about 80 *C , and 
15 more preferably at a temperature of at least about 85 . 
The period of time for the reaction may be at least about 
0.1 hours, preferably at least about 0.5 hours and may be at 
most about 60 hours, preferably at most about 24 hours. 

The reaction may be conducted in the presence of 
20 water. The amount of water needed for the reaction may be 
about 30 % by weight, is preferably about 40 % by weight, 
based on the titanium compound. 

The base can be provided for the reaction in at least 
two ways. First, the base itself (together with an optional 
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solvent) may be mixed with the titanium compound composition 
at the reaction temperature. Second, the titanium compound 
and the solvent for the composition is mixed with a base 
precursor of said base before heating, and then the 
resulting mixture is heated to the reaction temperature. 

When the base itself (together with an optional 
solvent) is mixed with the titanium compound composition, 
the base is typically mixed with the titanium compound 
composition after the composition has been heated to the 
reaction temperature . 

The base can be utilized in the form of an aqueous 
solution thereof. It is preferable to utilize the aqueous 
solution of the base, when the solvent in the titanium 
compound composition is a solvent other than the aqueous 
solvent, such as the alcohol solvent and the ketone solvent. 

The mixing can be conducted in a manner such that a 
titanium compound composition and a solution of the base are 
heated respectively in dual layered pipes, and then the 
titanium compound composition and the base solution are 
supplied into a reaction tube connected with the dual 
layered pipes. Alternatively, the mixing can be conducted 
in a manner such that a titanium compound and a solvent for 
the composition is mixed with a base precursor of said base 
before heating, then the resulting mixture is heated to the 
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reaction temperature, resulting in mixing the titanium 
compound with the generated base at the reaction temperature. 
The molar amount of the base to be used in the 
reaction is at least the theoretical molar amount thereof 
5 employed in modifying or converting the titanium compound in 
the titanium compound composition to a titanium hydroxide. 
For example, when 1 mole of a titanium sulfate reacts with 
an ammonia, the theoretical molar amount of the ammonia 
employed in modifying such a titanium compound to a titanium 

10 hydroxide is 4 moles. Preferably, the base is used in a 
molar amount of at least about 2 times of said theoretical 
molar amount thereof employed in modifying the titanium 
compound to a titanium hydroxide. Further, it is preferable 
that the molar amount of the base is at most about 4 0 times, 

15 more preferably at most about 20 times, of said theoretical 
molar amount. 

When a base precursor is utilized for providing the 
base, the base precursor may be mixed with the titanium 
compound and the solvent, before heating the resulting 
20 mixture to said reaction temperature. It is preferred that 
the base precursor is a compound that decomposes into 
ammonia or an amine when heated. 

Examples of the base precursor of the ammonia include 
urea, thiourea, dimethylurea, urea peroxide, and the like. 



In a preferable method of the present invention, the 
base precursor that decomposes into the ammonia at a 
temperature of at least about 80 *C under atmospheric 
pressure is utilized and the subsequent reaction is 
5 conducted at a temperature of at least about 80 . 
Examples on such a preferable base precursor include urea. 
In a preferable method of the present invention, for example, 
the urea decomposes in a composition containing a titanium 
compound and water as a solvent , when heated to a 
10 temperature of at least about 80 *C , preferably to a 
temperature of at least about 85 *C. 

The decomposition of urea can be expressed below in 
formula ( I) : 

NH 2 CONH 2 + 3H 2 0 — 2NH 3 ' H 2 0 + C0 2 ( I ) 

15 

As indicated in formula ( I ) , 1 mole of the urea 
produces 2 moles of the ammonia in the decomposition thereof. 
Such a produced ammonia can react with a titanium compound 
in the presence of water. 
20 The above -described reaction can be explained in more 

detail below. In water, the produced ammonia breaks down 
into an ammonium ion and a hydroxide ion, as expressed below 
in formula ( II ) : 

NH 3 ' H 2 0 NH 4 + + OH~ (II) 
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The resulting ammonium ion can react with an acid 
group which has been provided from the titanium compound to 
result in a salt, while the resulting hydroxide ion can 
react with a titanium ion from the titanium compound to 
5 result in a titanium hydroxide, which is useful for 
producing the titanium oxide of the present invention. For 
example, when the titanium compound is titanium oxysulfate 
or titanium sulfate, the reactions can be expressed as below 
in formulas (III) and (IV): 

10 2S0 4 2 " + 4NH 4 +^ 2(NH 4 ) 2 S0 4 (HI) 

Ti 4+ + 40H" Ti(0H) 4 (IV) 

Since 1 mole of titanium sulfate breaks down into 2 
mole of S0 4 2 " and 1 mole of Ti 4+ , the theoretical molar 

15 amount of the ammonia for reacting with 1 mole of the 
titanium sulfate is 4 moles, which is equivalent to 2 moles 
of urea as a base precursor. Similarly, since 1 mole of 
titanium oxysulfate breaks down into 1 mole of S0 4 2 " and 1 
mole of Ti 4+ , the theoretical molar amount of the ammonia 

20 for reacting with 1 mole of the titanium oxysulfate is 2 
moles, which is equivalent to 1 moles of urea as a base 
precursor. 

When the base precursor of the ammonia is utilized to 
provide an ammonia for reacting with the inertly heated 
25 titanium compound in the present invention, the molar amount 
of the base precursor to be utilized is at least the 
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theoretical molar amount thereof employed in modifying or 
converting the titanium compound in the titanium compound 
composition to a titanium hydroxide. Preferably, the base 
precursor is utilized in a molar amount of at least about 2 
5 times of said theoretical molar amount. 

The reaction product resulting from reacting the 
heated titanium compound with the base can be aged, if 
needed. The reaction product may be aged at a temperature 
of at least about 20 *C , and is preferably aged at a 

10 temperature of at least about 30 *C. Further, the reaction 
product can be aged at a temperature of at most about 55 *C , 
and is preferably aged at a temperature of at most about 
50 *C . The period of time for the aging may be at least 
about 0.5 hour and at most about 10 hours. 

is The solid in the reaction product may be separated 

from the liquid therein, if necessary after the aging. 
Examples of techniques employed for separating the solid 
from the liquid include pressure filtration, vacuum 
filtration, centrifuge, decantation and the like. The 

20 recovered solid can be washed and dried, if needed. For 
example, the solid can be washed with water, an aqueous 
solution of hydrogen peroxide, an ammonia water, an aqueous 
solution of oxalic acid, an aqueous solution of nitric acid, 
an aqueous solution of ammonium nitrate or an aqueous 
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solution comprising an amine or the like. The solid can be 
dried, for example, by utilizing a flash dryer, a flowing 
heat dryer, a static dryer, a spray dryer and the like. 

The reaction product, the aged reaction product or 
the recovered solid is calcined to produce the titanium 
oxide. The calcination can be carried out using a furnace 
such as a pneumatic conveying furnace, a tunnel furnace, a 
rotary furnace and the like. The calcination can occur in 
an environment containing air, steam, nitrogen gas, rare gas, 
ammonia gas or the like. The calcination temperature may be 
at least about 300 *C , and is preferably at least about 
350 *C . Further, the calcaination temperature may be at 
most about 800 *C , and is preferably at most about 600 °C . 
The period of time for calcination changes depending on the 
calcination environment, the type of furnace and the 
calcination temperature. Such a calcination time may be at 
least about 0.1 hour and at most about 30 hours. 

The titanium oxide produced by the method in the 
present invention may have an average particle diameter of 
at most about 15 ]am, and may have a standard deviation of 
the particle diameter distribution of about at most about 5. 
The titanium oxide also may have a crystallization structure 
of anatase and shows photocatalytic activity. 
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As described above, in accordance with the present 
invention, titanium oxide particles showing photocatalytic 
activity and having a narrow particle diameter distribution 
can be produced. 

5 The invention being thus described, it will be apparent 

that the same may be varied in many ways. Such variations 
are to be regarded as within the spirit and scope of the 
invention, and all such modifications as would be apparent to 
one skilled in the art are intended to be within the scope of 
10 the following claims. 

The entire disclosure of the Japanese Patent 
Application No. 2003-23914 filed on January 31, 2003 
indicating specification, claims and summary, are 
incorporated herein by reference in their entirety. 

15 

Examples 

The present invention is described in more detail by 
following Examples, which should not be construed as a 
limitation upon the scope of the present invention. The 
20 average particle diameter, standard deviation of the 
particle diameter distribution and the crystallization 
structure were measured by the following methods. 

Average particle diameter D 50 (pm) and standard deviation of 
25 the particle diameter distribution SD(pm) : 
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The test particles were dissolved in a 0.2 % by- 
weight aqueous solution of sodium hexametaphosphate . The 
resulting solution is inserted into a particle size analyzer 
Microtrac HRA model 9 320 -XI 00 (manufactured by Nikkiso 
Company) . The particle diameter distribution of the test 
particles was measured in the condition where the 
measurement range thereof was 0.1 pm to 700 pm, and the 
number of partitions of the measurement range was 100. The 
accumulated diameter of 50 % by volume was calculated with 
the resulting particle diameter distribution. The 
calculated value was designated as the average particle 
diameter D 50 . Further the standard deviation SD was 

calculated with the following equation: 



wherein D± represents an arbitrary particle diameter in the 
particle distribution and P± represents the volumetric 
fraction in the arbitrary particle diameter D ± . 

Crystallization Structure : 

The crystallization structure was measured with the X 
ray diffraction device RAD-IIA (manufactured by Rigaku 
Corporation) . 
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Example 1 

An aqueous solution of an titanium oxysulfate was 
prepared by dissolving 204 g of a titanium oxysulfate 
(product name of "TM crystal", white solid, produced by 
5 Tayca Corporation) in 136 g of water, A hundred twenty six 
grams (126 g) of water, 202 g of an urea (extra-pure reagent, 
produced by Wako Pure Chemicals Industries) and 340 g of the 
above -prepared titanium oxysulfate solution were added into 
a 1L flask equipped with a stirrer. The stirrer was spun at 

10 400 rpm for 5 minutes to dissolve the urea. The resulting 
mixture was at a temperature of 21.6 *C and had a pH value 
of 1. The molar amount of the added water was 17.3 times of 
the molar amount of the titanium oxysulfate. The molar 
amount of the urea was 4 times of the theoretical molar 

15 amount for converting the titanium oxysulfate to a titanium 
hydroxide . 

While mixing the above mixture, the mixture was 
heated at a rate of 5 *C /minute. The mixture was heated by 
utilizing a 100 *C oil bath. The mixture started to turn 
20 insolubly white to be a slurry when the temperature of the 
mixture reached 95*0. Subsequently, the resulting slurry 
was stirred at 100 *C for 3 hours. The mixture after being 
stirred for 3 hours had a pH value of 6.9. 
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While further stirring the slurry, the slurry was 
cooled to 40 *C . The slurry after being cooled had a pH 
value of 8.2. Subsequently, the slurry was maintained for 
aging at 40 t for 1 hour. The solid in the obtained slurry 
5 was filtered, washed and dried. 

Evaluation of separability of the solid from the slurry: 

The separability of the solid from the slurry was 

evaluated with a simple device consisting of an aspirator 
10 (model no. "A-3S", manufactured by Tokyo Rikagaku Co., Ltd.) 

and a strainer to which filter paper (model no. "125 mm No. 

5C" , manufactured by Advantec Co., Ltd.) was attached. Ten 

(10) seconds was needed to filter 0.2 L of the slurry. 

Such a short period of time for filtration proves that the 
15 solid has particles with a relatively large particle size, 

which corresponds to a narrow distribution of particle size. 

The dried solid obtained above was calcined in air at 

400 *C for 1 hour to produce a titanium oxide. The titanium 

oxide had an average particle diameter of 11.9 \im, a 
20 standard deviation of particle diameter distribution of 4.3 
and an anatase crystallization structure. 

Evaluation of the titanium oxide activity: 
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In a sealed-type glass container (diameter: 8 cm, 
height: 10 cm, volume: about 0.5 L), was placed a 5-cm 
diameter glass Petri dish on which 0.3g of the above 
obtained titanium oxide was placed. The container was 
5 filled with a mixed gas having an oxygen content of 20 % 
by volume and a nitrogen content of 80 % by volume, was 
sealed with 13.4 ^imol of acetoaldehyde and was then 
irradiated with visible light from outside of the 
container. The visible light irradiation was carried out 

10 using a light source device (manufactured by USHIO INC., 
trade name: Optical Modulex SX-UI500XQ) which is equipped 
with a 500 W xenon lamp (manufactured by USHIO INC. , trade 
name: Lamp UXL-500SX) , an ultraviolet cutting filter 
(manufactured by Asahi Techno Glass Co., Ltd., trade name: 

15 Y-45) cutting off ultraviolet light having a wavelength of 
about 430 nm or shorter and an infrared light cutting filter 
(manufactured by USHIO INC., trade name: Supercold Filter) 
cutting off infrared light having a wavelength of about 830 
nm or longer. The phot ocataly tic activity of the titanium 

20 oxide was evaluated by measurement of a concentration of 
carbon dioxide, that is the product from the decomposition 
of acetoaldehyde due to the irradiation of visible light. 
The carbon dioxide concentration was measured using a 
photoacoustic multigas monitor (Model: 1312, manufactured 

25 by INNOVA) with the passage of time. The producing rate 
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of carbon dioxide was 10.4 (xmol/h per one gram of the 
titanium oxide. 

Example 2 

An aqueous solution of an titanium oxysulfate was 
prepared by dissolving 204 g of a titanium oxysulfate 
(product name of "TM crystal", white solid, produced by 
Tayca Corporation) in 136 g of water. A hundred twenty six 
grams (126g) of water, 404 g of an urea (extra-pure reagent, 
produced by Wako Pure Chemicals Industries) and 340 g of the 
above -prepared titanium oxysulfate solution were added into 
a 1L flask equipped with a stirrer. The stirrer was spun at 
400 rpm for 5 minutes to dissolve the urea. The resulting 
mixture was at a temperature of 18.5 *C and had a pH value 
of 1.8. The molar amount of the added water was 17.3 times 
of the molar amount of the titanium oxysulfate. The molar 
amount of the urea was 8 times of the theoretical molar 
amount for converting the titanium oxysulfate to a titanium 
hydroxide . 

While mixing the above mixture, the mixture was 
heated at a rate of 5 *C /minute. The mixture was heated by 
utilizing a 100 °C oil bath. The mixture started to turn 
insolubly white to be a slurry when the temperature of the 
mixture reached 100 . Subsequently, the resulting slurry 
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was stirred at 100 *C for 3 hours. The mixture after being 
stirred for 3 hours had a pH value of 7.3. 

While further stirring the slurry, the slurry was 
cooled to 40 t . The slurry after being cooled had a pH 
5 value of 8.7. Subsequently, the slurry was maintained for 
aging at 40 for 1 hour. The solid in the obtained slurry 
was filtered, washed and dried. 

The dried solid obtained above was calcined in air at 
400 for 1 hour to produce a titanium oxide. The titanium 
10 oxide had an average particle diameter of 4.2 pm, a standard 
deviation of particle diameter distribution of 1.8 and an 
anatase crystallization structure. 

The photocatalytic activity of the titanium oxide was 
examined under conditions similar to that described in 
15 "Evaluation of the titanium oxide activity" of Example 1. 
The production speed of the carbon dioxide in this Example 
was 6.9 pmoles/hour per 1 g of the titanium oxide. 

Example 3 

20 A titanium oxide was produced in the same manner as in 

Example 2 except that the heating rate of the mixture was 
changed from 5 /minute to 16 /minute. The resulting 
titanium oxide had an average particle diameter of 2.3 jim. 
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the standard deviation of the particle diameter distribution 
of 1 and the crystallization structure of anatase . 

The photocatalytic activity of the titanium oxide was 
examined under conditions similar to that described in 
5 "Evaluation of the titanium oxide activity" of Example 1. 
The production speed of the carbon dioxide in this Example 
was 8.8 vimoles/hour per 1 g of the titanium oxide. 

Comparative Example 1 

io An aqueous solution of an titanium oxysulfate was 

prepared by dissolving 68 g of a titanium oxysulfate 
(product name of "TM crystal", white solid, produced by 
Tayca Corporation) in 272 g of water. The titanium 
oxysulfate solution was added into a 1L flask equipped with 

15 a stirrer. While stirring the aqueous solution therein at 
400 rpm, the solution was heated at a rate of 5 /minute. 
When the temperature of the aqueous solution was heated to 
90 , the aqueous solution turned white. Subsequently, the 

resulting slurry was stirred at 100 *C for 3 hours. While 
20 stirring the slurry, the slurry was cooled to 40*0. 

The slurry was examined under the conditions described 
in "Evaluation of separability of the solid from the slurry" 
of Example 1. Two (2) hours was needed to filter 0.2 L of 
the slurry. 
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The solid in the obtained slurry was filtered, washed 
and dried. The dried solid was calcined in air at 400 V, 
for 1 hour to produce a titanium oxide. The titanium oxide 
had the average particle diameter of 15.8 ym, the standard 
5 deviation of the particle diameter distribution of 12 and a 
crystallization structure of anatase. 

The photocatalytic activity of the titanium oxide was 
examined under conditions similar to that described in 
"Evaluation of the titanium oxide activity" of Example 1. 
10 The production speed of carbon dioxide in this Example was 0 
pmole/hour per lg of the titanium oxide. 



